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Objective:We report on two rare Xq rearrangements, namely a t(X;9)(q24;q12) found in a mildly-affected
girl (Patient 1) and a rea(X)dup q concomitant with a rob(14;21)mat in a Down syndrome girl (Patient 2).
Case report: Both rearrangements were characterized by banding techniques [Giemsa (G), constitutive
heterochromatin (C), and bromodeoxyuridine (BrdU) pulse], ﬂuorescence in situ hybridization (FISH)
assays, human androgen receptor (HUMAR) assays, and microarray analyses. Patient 1 had a
t(X;9)(q24;q12)dn. Patient 2 had a de novo rea(X)(qter/q23 or q24::p11.2/qter) concomitant with an
unbalanced rob(14;21)mat. X-Inactivation studies in metaphases and DNA revealed a fully skewed
inactivation: the normal homolog was silenced in Patient 1 and the rea(X) in Patient 2. Both rearranged X
chromosomes were of paternal descent. Microarray analyses revealed no imbalances in Patient 1
whereas loss of Xp (~52 Mb) and duplication of Xq (~44 Mb) and 21q were conﬁrmed in Patient 2.
Conclusion: Our observations further document the cytogenetic heterogeneity and predominant paternal
origin of certain de novo X-chromosome rearrangements.
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).Introduction
It is well known that an intact Xq13/q26 region in both ho-
mologues, separated by a short noncritical segment within Xq22, is
required for a normal ovarian structure and function [1]. Accordingly,
female carriers of a balanced translocation or other rearrangement
involving such a critical region typically present primary or prema-
ture ovarian insufﬁciency. We report on two de novo Xq rearrange-
ments of paternal descent, namely a t(X;9)(q24;q12) found in amedica de Occidente, Centro
Seguro Social, Sierra Mojada
40, Mexico.
arcía-Ortiz).
bstetrics & Gynecology. Published bmildly affected girl and a rea(X)dup q concomitant with a rob(14;21)
mat in a Down syndrome girl. Moreover, we assessed 52 (X;9)
translocations and 31 rea(X)dup q in order to reﬁne the character-
ization and further document the cytogenetic heterogeneity and
paternal origin of such rearranged X chromosomes.Cases presentation
Patient 1
This 1-year-old female patient was the ﬁrst child of young and
nonconsanguineous parents. Her pregnancy was complicated with
polyhydramnios and she was delivered at the 34th week with an
Apgar score of 4. She was reanimated and placed under intensive
care for 1month. Periventricular hemorrhage and ascites were theny Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
A.I. Vasquez-Velasquez et al. / Taiwanese Journal of Obstetrics & Gynecology 55 (2016) 275e280276diagnosed. Her developmental milestones were delayed. At 1 year
of age, her weight was 7.9 kg (10the20th centile) and length 60 cm
(< 3rd centile, Z score of3.85) but occipitalefrontal circumference
was at the 89.7th centile. She showed dolicocephaly, scarce hair,
occipital and frontal hemangiomata, broad forehead, scarce eye-
brows, palpebral ﬁssures of 2.5 cm, inner cantal distance of 3.5 cm,
inverse epicantal folds, nose with bulbous tip and hypoplastic
ﬂares, microstomia, tongue protrusion; short neck, inverted nip-
ples, and bilateral inguinal hernia.
Patient 2
This 8-year-old Down syndrome female was the 3rd child of
nonconsanguineous parents aged 42 (mother) and 37 (father)
years. She was delivered at the 36th week with acute fetal distress
and oligohydramnios; birth-weight and length were 2.5 kg and
46 cm. Shortly after birth, she was diagnosed with ventricular
septum defect (spontaneous closure at 6 months), mild pericardial
effusion, and hypothyroidism thereafter treated with levothyrox-
ine. Bilateral cataracts were later disclosed. At 8 years of age, she
showed height of 112 cm (3rde10th centile), weight of 15 kg (< 3rd
centile), occipitofrontal circumference of 46 cm (< 3rd centile),
hypotonia, brachycephaly, and typical craniofacial dysmorphism.
Despite rehabilitation, she still requires help for personal hygiene
and feeding. X-ray examination discarded cervical instability
whereas echocardiography conﬁrmed the mild pericardial effusion.
Materials and methods
Both patients and their respective parents were karyotyped on at
least 16 G-banded lymphocyte metaphases per participant. Once a de
novo rearranged X-chromosome was found in each patient (see
below), C-banding, BrdU pulse, and ﬂuorescence in situ hybridization
(FISH) assays with appropriate probes were also applied. Beta-
satellite/D9Z1 (Oncor, Gaithersburg, MD, US) and alpha-satellite/
D9Z3 (Vysis, Downers Grove, IL, US) probes were used in Patient 1
and a subtelomeric Xp/Xq mix (Vysis) was used in Patient 2. Finally,
genomic DNA from both family trios, extracted from further blood
samples taken under signed consent, was used to assess the parental
descent and functional status of both abnormal X-chromosomes via
the human androgen receptor (HUMAR) assay [2] as well as to
perform microarray analyses using the Agilent SurePrint G3 Hmn
CGHþSNP 4180K Microarray Kit (it contains ~120,000 CGH probes
and 60,000 SNP probes with a median spacing of 25 kb) and
following the CGHprotocol v7.3 (Agilent Oligonucleotide Array-Based
CGH). Brieﬂy, approximately 600 ng of gDNA from each proband, the
parents of Patient 2, and sex-matched controls were digested by AluI
and RsaI restriction enzymes (Promega, Madison, WI, US) for 2 hours
at 37C. The digested products were labeled with Cy3-dUTP (refer-
ence) and Cy5-dUTP (patients) dyes using the SureTag DNA Labelling
Kit (Agilent Technologies, Santa Clara, CA). The labeled products were
puriﬁed, hybridized for 24 hours to 67C, and washed according to
protocol. Arrays were scanned on a SureScan scanner (Agilent Tech-
nologies, Santa Clara, CA) and data were analyzed using the default
analysis method e CGHþSNP v2 with the ADM-2 aberration algo-
rithm in the Agilent CytoGenomics software v.2.9.
Results
The karyotype of Patient 1 was 46,X,t(X;9)(q24;q12)dn; i.e., her
parents had normal chromosomes. The der(X) appeared to have the
9qh region as identiﬁed by both C-banding and FISH with the beta-
satellite probe whereas the der(9) had an average pericentromeric
heterochromatin, a residual amount of the beta-satellite repeats,
and a standard D9Z3 signal. In all 12metaphases scored, the normal
X-chromosomewas the late replicator (Figures 1AeD). This skewedpattern was conﬁrmed by the HUMAR assay that also revealed the
paternal descent of the der(X) (Figure 1E). Moreover, the micro-
array analysis did not disclose pathogenic imbalances related or not
to the translocation breakpoints; i.e., at this resolution, her trans-
location was truly balanced.
Patient 2 had a rearranged X-chromosome (Figure 2A) and a
robertsonian translocation, karyotype 46,X,rea(X)(qter/q23 or
q24::p11.2/qter),rob(14;21)(q10;q10),þ21. The normal sex-
chromosomes found in both parents indicated that the rea(X) was
de novo (Figure 2A); by contrast, the robertsonian translocation was
inherited from the carrier mother (images not shown). FISH with
subtelomeric green Xp and red Xq probes showed, in all ﬁve meta-
phases scored, that the rea(X) had one red signal on both ends but
lacked the green Xp signal; i.e., this result was consistent with gain of
Xq23 or q24/qter and loss of Xp11.2/pter (Figure 2B). A fully
skewed inactivation of the rea(X) was documented by late replication
labeling in nine metaphases (images not shown) and the HUMAR
assay that also revealed a paternal origin of the rea(X) (Figure 2C).
Microarray analyses conﬁrmed the Xp11.22/pter loss (51.8 Mb,
genomic position 310,932-52,102,414), reﬁned the gain to
Xq23/qter (44Mb, genomic position 111,216,048-155,232,907), and
proved the paternal origin of the X-rearrangement (Figure 3AeC).
Moreover, the whole 21q duplication was also documented.
Discussion
As the Xq24 breakpoint maps within the Xq critical segment, it is
expected that Patient 1 with the t(X;9)(q24;q12) will develop pre-
mature ovarian insufﬁciency [1] as it was observed in both post-
pubertal females with a t(Xq24;9) (Table 1, Participants 44 and 46)
and in patients with other Xq24; autosome translocations. Signiﬁ-
cantly, this band harbors the PGRMC1 gene which was down-regu-
lateddseemingly via a position effectdin a motheredaughter dyad
with small ovaries, premature ovarian failure, and a
t(X;11)(q24;q13.4) [17]. Indeed, this position effect may even affect
autosomal genes involved in ovarian development [16]. Although the
combined del p/dup q imbalance inherent to the rea(X) of Patient 2
may not impair fertility, the hypothetical inv(X)(p11.22q23) required
to account for it could induce ovarian dysfunction in her mother [1].
Thus, the common breakage within the Xq critical segment in the
present rearrangements agrees with their proven de novo origin.
The 52 (X;9) translocations compiled in Table 1 compare with a
UK survey inwhich 11 (X;9) exchanges were ascertained among 104
females and represented the most frequent X-autosome trans-
locations [8]. In our sample, 46 t(X;9) were diagnosed in female
carriers who were mainly ascertained through unbalanced offspring,
ovarian insufﬁciency, or intellectual disability. There also were one
mosaic balanced male fetus (Patient 12) and ﬁve de novo or sporadic
unbalanced patients: these imbalances were due to adjacent-1 (Pa-
tients 5 and 38), adjacent-2 (Patients 26 and 27), or 3:1 tertiary
(Patient 45) segregation. Even if no t(X;9) has so far been ascertained
through an infertile male, it is expected that such an exchange will
seriously impair spermatogenesis [18]. Out of 52 translocations, 23
were de novo and 29 had an untraced origin.
Although breakpoints are scattered along p and q of both
chromosomes, X-chromosome breakpoints mainly occurred at p22,
q21, p21, and p11 with nine, seven, six, and six instances respec-
tively. On Chromosome 9, the breakpoints clustered at q12/q13
(n ¼ 11) and q34 (n ¼ 8). There were nine apparently recurrent
(X;9) exchanges: (p22;q12), ﬁve cases; (p11;q34), three cases; and
(p21;q21), (p21;q22), (q13;q34), (q21;q34), (q22;q22), (q24;q12/
q13), and (q28;q12), two cases each. The remaining 30 trans-
locations were unique events. In the present observation, the 9q12
break did split the beta-satellite block into a large portion relocated
to the der(X) and a small one on the der(9). Of note, similar FISH
Figure 1. (A) The t(X;9)(q24;q12) from patient 1 after G-banding; each derivative is on the right in the respective pair. The normal X is arrowed; (B) one X-chromosome pair after
late replication labeling; the normal inactivated X is arrowed; (C) two C-banded derivative X-chromosomes with a conspicuous 9qh region; (D) two partial metaphases after FISH
with the D9Z3 (upper panel) and D9Z1 (lower panel) probes. The der(9) had a residual amount of the beta-satellite repeats and a standard D9Z3 signal. (E) Results of the HUMAR
assay in the patient and her parents. The peaks of the ampliﬁed fragments are the paternal (270 bp), maternal (279/279 bp), and patient's (270/279 bp) alleles. There was a fully
skewed inactivation of the maternal normal X carrying the 279 bp allele; i.e., the active paternal X disappeared after HpaII digestion.
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including the single t(X;9)(q24;q13) (Participant 44). A further
t(X;9) had the centromere-9 alphoid block split into both de-
rivatives (Participant 30).
The paternal descent of the t(X;9) and rea(X) here described
agrees with the usual paternal origin of both de novo balanced X-
autosome translocations [14,18] and rea(X) chromosomes [19].Figure 2. A) One G-banded X-chromosome pair from Patient 2 with the rea(X)dup q on the r
(D) Two partial metaphases after FISH with the subtelomeric Xp green and Xq red probes. N
signal; (E) Results of the HUMAR assay in the patient and her parents. The peaks of the am
273 bp) alleles. As only the paternal 273 bp allele remained visible after HpaII digestion, itRearranged X-chromosomes similar to the rea(X)dup q chro-
mosome found in Patient 2 arose from the single paternal X-
chromosome probably via nonallelic homologous recombination
[20]. Including the present observation, 31 rea(X)dup q chromo-
somes with a de novo or untraced origin are on record [19,21,22
(Patient 64-2-098), 23 (Patient 3),24]. The bands most involved
were p22 (n ¼ 16) and p11 (n ¼ 11) whereas the most frequentight. The normal X is arrowed; (B) Maternal and (C) paternal normal sex chromosomes;
ote that the rea(X) had one red signal on each end but lacked the green subtelomeric
pliﬁed fragments are the maternal (258/303 bp), paternal (273 bp), and patient's (258/
is inferred that the late replicating rea(X) was of paternal descent.
Figure 3. Microarray results in Patient 2. (A) Loss and gain proﬁle analysis indicated by log2 ratio (plotting and red/blue lines) after visualization with the Agilent CytoGenomics
software v.2.9; (B) SNP panel visualization showing the alleles distribution and zygosity proﬁle. Green shading represents the loss of heterozygosity in the deleted segment; (C)
informative alleles (asterisked) conﬁrmed involvement of the paternal X-chromosome.
A.I. Vasquez-Velasquez et al. / Taiwanese Journal of Obstetrics & Gynecology 55 (2016) 275e280278
Table 1
Fifty-two X;9 translocations (including 46 instances with 1 female carrier).a
Case Karyotype Ascertainment and remarks Referencesb
1. 46,X,t(X;9)(p22;p13)uk Concomitant with an inv(X)(p22q13)uk Boue and Gallano 1984
2. 46,X,t(X;9)(p22;q11)dn Primary amenorrhea, 16 y Gardner et al 1983
3. 46,X,t(X;9)(p22;q12)uk Children: der(X)mat (Patient 19)c Waters et al 2001
4. 46,X,t(X;9)(p22.1~2;q12)dn Hypocalcaemia, hypotonia, and mild malformations. X inactivation: contradictory data Mattei et al 1978;
Chery et al 1994
5. 46,Y,der(X)t(X;9)(p22.32;p23)dn Male aged 14 y with ID, brachydactyly, chondrodysplasia punctata, and obesity Menten et al 2005
6. 46,X,t(X;9)(p22.3;q12)dn Children: der(9)mat (Patient 5) Waters et al 2001
7. 46,X,t(X;9)(p22.1;q12)uk Daughter: 46,X,t(X;9)mat (Patient 8) Waters et al, 2001
8. 46,X,t(X;9)(p22.1;q12)uk (Patient 9) Waters et al, 2001
9. 46,X,t(X;9)(p22.1;q32)uk/46,XX Daughter with preaxial acrofacial dysostosis and karyotype 46,X,t(X;9)mat. X inactivation:
skewed in the mother, random in the daughter
Zori et al 1993
10. 46,X,t(X;9)(p21;p22)dn Duchenne muscular dystrophy. The normal X was LR. Mother 18 y, father 22 y Emanuel et al 1983
11. 46,X,t(X;9)(p21;p21)dn Turner phenotype and Duchenne muscular dystrophy. The normal X was LR Bjerglund Nielsen and
Nielsen 1984
12. 46,Y,t(X;9)(p21;q21)uk/46,XY Male infant (Patient Ia-3) Hsu et al 1996
13. 46,X,t(X;9)(p21;q22)uk Muscular dystrophy (Patient P23) Waters et al 2001
14. 46,X,t(X;9)(p21.3~22.1;q22)dn Fetus. The normal X was LR. Mother 38 y Feldman et al 1999
15. 46,X,t(X;9)(p21.2;q21.3)dn Duchenne muscular dystrophy and short stature (Patient P21) Waters et al 2001
16. 46,X,t(X;9)(p11;p22)dn This patient (DH) reportedly had the 9p deletion phenotype Young et al 1982
17. 46,X,t(X;9)(p11;q13)uk Two abortions and three sons: two 46,XY and one 46,Y,t(X;9)mat. The normal X was LR Fryns et al 1984;
Kleczkowska et al 1985
18. 46,X,t(X;9)(p11.23;q34.3)dn ID, conductive deafness, seizures, and obesity; menarche at 10 y Young parents Kleefstra et al 2004 and 2005
19. 46,X,t(X;9)(p11.21;q33.2)dn The normal X was LR. Mother 26 y Hodgson et al 1985
20. 46,X,t(X;9)(p11.21;q34)uk Incontinentia pigmenti and ID. The normal X was LR Gilgenkrantz et al. 1985
21. 46,X,t(X;9)(p11.21;q34.1)uk Pigmentary mosaicism, 12 y Oiso et al 2009
22. 46,X,t(X;9)(p10?;q10?)uk Child: der(X) (Patient 45) Waters et al 2001
23. 46,X,t(X;9)(q11.2;q22.3)uk Two daughters 46,X,-X,þder(9)mat and one carrier daughter. LR chromosome: normal X in
the mother, der(9) in the unbalanced daughters
Omar et al 1999
24. 46,X,t(X;9)(q12;p13.3)dn Tall stature, ID, seizures, unsteady gait, and extra nipples; 11 yr Menten et al 2007
25. 46,X,t(X;9)(q12;q12)dn Female twins with hypohydrotic ectodermal dysplasia. Mother 33 y, father 35 y Zankl et al 2001
26. 46,X,-X,þder(9)t(X;9)(q12;q32)dn Turner phenotype, 9 y. The der(9) was LR except for 9p and distal Xq that remained active.
Young parents
Canún et al 1998
27. 46,X,-X,þder(9),t(X;9)(q13;q34)uk Turner phenotype (cell line GM1414). The der(9) was LR with partial autosomal inactivation Keitges and Palmer 1986
28. 46,X,t(X;9)(q13;q34)uk Daughter: 46,X,-X,þder(9)mat. LR chromosome: normal X in the mother, der(9) in the
daughter
Leisti et al 1975; Hall et al 2002
29. 46,X,t(X;9)(q13.1;p24)dn Hypohydrotic ectodermal dysplasia and ID; 7 yr. The normal X was LR. Mother 43 y,
father 42 y
Cohen et al 1972;
Griggs et al 2008
30. 46,X,t(X;9)(q13.3;cen)uk Primary amenorrhea, 42 y. The normal X was LR (Patient 2) Moyses-Oliveira et al 2015
31. 46,X,t(X;9)(q21;p24)dn Secondary amenorrhea, 22 y. The normal X was LR. Mother 28 y, father 33 y Filippi et al 1983
32. 46,X,t(X;9)(q21;q33)uk Secondary amenorrhea and mild ID (Patient LG) Philippe et al 1993;
Rizzolio et al 2006
33. 46,X,t(X;9)(q21.1;q34.3)dn Primary amenorrhea (Patient P60) Waters et al 2001
34. 46,X,t(X;9)(q21.2;p22.3)uk Oligomenorrhea (Patient P61) Waters et al 2001
35. 46,X,t(X;9)(q21.2;q22)uk Secondary amenorrhea (Patient LR) Rizzolio et al 2006
36. 46,X,t(X;9)(q21.3;q34)uk Primary amenorrhea (Patient 7B) Rizzolio et al 2006
37. 46,X,t(X;9)(q21.31;q21.2)uk Secondary amenorrhea at 25 y Portnoï et al 2006
38. 46,X,der(X),t(X;9)(q22;p21)uk Ovarian failure at 34 y (Patient PR) Marozzi et al 2000
39. 46,X,t(X;9)(q22;q12)uk Primary amenorrhea, 18 y. The normal X was LR. Mother 46,XX LeddeteChevallier et al 1981
40. 46,X,t(X;9)(q22;q21)dn Resistant ovarian syndrome (Patient P74) Waters et al 2001
41. 46,X,t(X;9)(q22;q22)uk Primary amenorrhea (patient SN). The normal X was LR Philippe et al 1993;
Rizzolio et al 2006
42. 46,X,t(X;9)(q22;q22)uk Fetus: 46,X,der(X),t(X;9)mat Hogge et al 1995
43. 46,X,t(X;9)(q24;q12)dn Mild ID and physical stigmata; mother 29 y, father 28 y Present patient
44. 46,X,t(X;9)(q24;q13)dn Oligomenorrhea, 17 y Omrani et al 2013
45. 47,XY,þder(X),t(X;9)(q24;q31)dn Young parents. The der(X) was late replicating Pescia et al 1979
46. 46,X,t(X;9)(q24;q34)dn Oligomenorrhea, 22 y. The normal X was LR. Mother 21 y, father 23 y Mijin et al 1981
47. 46,X,t(X;9)(q26;p21)uk ID (Patient P91) Waters et al 2001
48. 46,X,t(X;9)(q28;q12)dn Female aged 12 y with Hunter syndrome. The normal X was LR. The translocation was of
paternal origin
Lonardo et al 2014
49. 46,X,t(X;9)(q28;q12)uk Female aged 11 months with delayed development. Random X inactivation Wolff et al 1998
50. 46,X,(X;9)(q28;q21)uk Mild ID and physical stigmata, 11 y. The normal X was active in lymphocytes and 93% of
ﬁbroblasts (it was LR in 7%)
Du Sart et al 1992;
Schmidt et al 1992
51. 46,X,t(X;9)(qþ;pe)uk Son: 47,XYqs,þder(X)mat (Patient BR) Dumars et al 1975
52. 46,X,t(X;9)uk Fetus (Case 14 in Table 5). The mother was a rob(13;14) carrier. Random X inactivation Van den Berg et al 2000
dn ¼ de novo; ID ¼ intellectual disability; LR ¼ late replicating; uk, ¼ unknown occurrence.
a Translocations are ordered according to the breakpoints, ﬁrst from Xp22 to Xq28 and then on chromosome 9.
b For translocations included in several articles, only the ﬁrst and one more recent reference are given.
c The designation in parenthesis of certain patients refers to the nomenclature used in the respective case series. For full details of all cited sources, see References [3e16].
A list of 32 supplementary references is available upon request.
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(n ¼ 5) and p11;q13/q21 (n ¼ 5). Incidentally, akin combinations
have also been found in familial pericentric inversions leading to
either rec(X)dup q or rec(X)dup p offspring.
Among the 10 familial instances, three had the rea(X)dup q
observed only in females whereas in seven instances healthy
mothers transmitted their rea(X) to affected sons [19,21,24]. In two
further families with a rea(X)dup q male proband [22,23], maternal
chromosomes were not analyzed. Regardless of its familial or
sporadic occurrence, the rea(X) found in all affected males had an
Xq26/qter or smaller distal segment attached to Xp22. That rea(X)
dup q chromosomes outnumber the 18 rea(X)dup p constructs on
record [6 (Patient BI), 25,26] can be related to the patients' survival.
Lastly, the concurrence in Patient 2 of a de novo rea(X) of paternal
descent with a maternal rob(14;21) likely is a fortuitous one.
To conclude, our observations further highlight the cytogenetic
heterogeneity and predominant paternal origin of certain de novo
X-chromosome rearrangements.
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